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NOTICE

This report was prepared as an account of Government sponsored
work. Neither the United States, nor the Naticnal Aeroncutics
and Space Administration (NASA), nor any person acting on
behalf of NASA:

A.) Mckes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, apparatus,
method, or process disclosed in this report may not
infringe privately owned rights; or

B.) Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method or process disclosed in
this report.

As used above, “person acting on behalf of NASA" includes
any employee or contractor of NASA, or employee of such con-
tractor, to the extent that such employee or contractor of NASA,
or employee of such contracter prepares, disseminates, or
provides access fo, any information pursuent o his employment
or contract with NASA, or his employment with such contractor.

Requests for copies of this report
should be referred to:

National Aeronautics and Space Administration
Scientific and Technical Information Division
Attention: USS-A
Washington, D.C. 20546
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FOREWORD

The work described herein is sponsored by the National Aeronautics
and Space Administration under Contract NAS 3-6474, For this program,

Mr. R. L. Davies is the NASA Project Manager,

The program is being administered for the General Electric Company
by Dr, J. W, Semmél, Jr., and E. E. Hoffman is acting as the Program
Manager, J. Holowach, the Project Engineer, is responsible for the loop
design, facilities procurement and test operations, R. W; Harrison, the
Project Metallurgist, is responsible for the materials procurement,
utilization and evaluation aspects of the program, Personnel making
major contributions to the program during the current reporting period

include:
Refractory Alloy Procurement - R. G. Frank and L. B. Engel, Jr,

Alkali Metal Purification and Handling - Dr. R. B. Hand, L. E. Dotson
and H. Bradley.

Welding and Joining - W. R. Young and S, R, Thompson.

Partial Pressure Gas Analyzer Calibration - Dr, T. F. Lyon,



ADVANCED REFRACTORY ALLOY CORROSION LOOP PROGRAM

I. INTRODUCTION

This report covers the period from October 15, 1967 to January 15,
1968, The primary task of this program is to fabricate, operate for
10,000 hours and evaluate a T-11l1 Rankine System Corrosion Test Loop.
Materials for evaluation include the containment alloy, T-111 (Ta-8W-2Hf)
and the turbine candidate materials Mo-TZC and Cb-132M which are located
in the turbine simulator of the two-phase potassium circuit of the
system. The loop design will be similar to the Cb-1Zr Rankine System
Corrosion Test Loop; a two-phase, forced convection, potassium corrosion
test loop which has been developed under Contract NAS 3~2547, Lithium
will be heated by direct resistance in a primary loop. Heat rejection
for condensation in the secondary potassium loop will be accomplished
by radiation in a high vacuum environment to the water cooled chamber,
The compatibility of the selected materials will be evaluated at condi-
tions representative of space electric power system operating conditions,

namely:

a, Boiling temperature, 2050°F

o'

. Superheat temperature, 2150°F

Condensing temperature, 1400°F

2 0

Subcooling temperature, 1000°F

e. Mass flow rate, 40 1lb/hr

f. Boiler exit vapor velocity, 50 ft/sec

g. Average heat flux in plug (0-18 inches), 240,000 BTU/hr ftz
h, Average heat flux in boiler (0-250 inches), 23,000 BTU/hr ftz

In addition to the primary program task cited above the program also
includes capsule testing to evaluate advanced tantalum alloys of the

ASTAR 811 type (Ta-8W-1Hf-1Re) in both potassium and lithium.



Also included in the program is the fabrication, 5000-hour operation
and evaluation of a 2600°F, high flow velocity, pumped lithium loop
designed to evaluate the compatibility of the ASTAR 811 type alloys,
T-111, T-222, and the tungsten alloy, W-25Re-30Mo,



II. SUMMARY

The fabrication of the T-111 Rankine System Corrosion Test Loop
was completed. The loop has been moved to the test site and is

presently being instrumented.,

All necessary alkali metal for filling the T-111 Corrosion Test

Loop has been prepared,

The partial pressure gas analyzer for the 4-foot diameter vacuum

chamber has been calibrated,
The EM pump for the 2600°F Lithium Loop has been fabricated.

Three advanced tantalum alloy thermal convection capsules have
been filled with lithium and two advanced tantalum alloy reflux

capsules have been filled with potassium,.






PRECEDING PAGE BLANK NOT BURED.

~1II. PROGRAM STATUS

A. T-111 RANKINE SYSTEM CORROSION TEST LOOP

1. Loop Fabrication

The fabricafion status of T-111 Corrosion Test Loop components
is as follows: ' ‘

As reported previously(l), the welding of all T-111 Corrosion
Test Loop Components has been completed. During this report period, the
last major subassembly was completed. The four major subassemblies were

then joined to complete the loop fabrication,

The potassium surge tank subéssembly, Figure 1, illustrates the
iﬁtermediate fixturing required to maintain component orientation,
During this fabrication the pressure transducer tee welds and the weld
between the surge tank and EM pump duct were made and postweld annealed

locally. Each component had been postweld annealed previously.

The lithium heater subassembly which consists of the lithium
heater, EM pump duct, and surge tank, Figure 2, was completed. The
three welds required to join these éomponents were annealed locally at
2400°F for 1 hour in accordance with Specification SPPS 03-0037-00-A,
"Postweld Vacuum Annealing of Cb-1Zr and T-111 (Ta-8W-2Hf) Alloys".

The completed lithium heater, condenser, boiler, and potassium
surge tank subassemblies were positioned in the stainless steel support
structure attached to the vacuum chamber spool section for reference
alignment. The tubing which joins the boiler and potassium surge tank
subassemblies was match marked for alignment and the two subassemblies
were removed from the spool section for welding in the eight-foot diam-
eter extension to the welding chamber, This assembly step was required

because this particular weld could not be reached with the entire loop

&8

Advanced Refractory Alloy Corrosion Loop Program, Quarterly Progress
Report No. 10, for Period ending October 15, 1967, NASA Contract
NAS 3-6474, '
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Lithium Surge Tank and EM Pump Subassembly of the T-11l1l Corrosion

Figure 2,

(Orig. C67110668)

Test Loop Mounted on the Welding Fixture.



positioned in the welding chamber, After radiographic inspection of
this weld, this unit was repositioned in the permanent support

structure,

The lithium heater and condenser subassemblies were also
positioned in the support structure. The final aSsémbly weld fixture
was attached to the loop, Figure 3, holding the subassemblies and three
slack diaphragm pressure transducers (not shown) in alignment. The
permanent support structure was disassembled and the loop, now
supported by the welding fixture, was removed from the vacuum chamber

spool section and placed in the welding chamber as shown in Figure 4.

The seven welds required to join the subassemblies and
attach the three pressure transducers were inspected radiographically
and subsequently annealed in the welding chamber at 2400°F for 1 hour

in accordance with Specification SPPS 03-0037-00-A.

The loop was removed from the welding chamber and the
electrode area of the lithium heater and the potassium preheater were
grit blasted to increase emittance per Specification SPPS‘OS—OOll-OO—A,
"Grit Blasting of Columbium and Columbium Alloy Products', The loop
was thén positioned in the vacuum chamber spool section and the perm-
anent support structure was affixed. After the loop was supported
properly the finalywelding fixture was removed. An overall view of
the loop and spool piece is shown in Figure 5., A close-up photograph

of the components in the lower portion of the loop is given in Figure 6,

The stainless steel tube attachments to the drain and gas
pressurization lines were welded to the loop connections and vacuum
chamber feedthroughs. A final mass spectrometer helium leak test was
then performed on the entire loop with no leak indication. The vacuum
connections for the NaK-filled tubes from the slack diaphragm pressure
transducer and the EM pump duct stainless steel outer cans were welded
to the appropriate vacuum spool section feedthroughs. The completed

loop was then removed to the test site.
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Figure 3. T-111 Corrosion Test Loop and Chamber Spool Piece During the
Transfer of the Loop from the Support Structure to the Welding
Fixture. (Orig. C67112232)



Welding Fixture
Support Hoist

Center Bar of the
Welding Fixutre

by

T-111 Corrosion Test Loop Mounted on the Welding Fixture Prior to
Final Welding and Weld Heat Treatment Operations. (Orig. C67120714)
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Loop Support
Counterweight |

Turbine
Simulator

Potassium
.Preheater

~ Copper
"Bus Bars

Spool Piece of
Vacuum Chamber

Figure 5. T-111 Corrosion Test Loop and the Vacuum Chamber Spool Piece
' Following Completion of Loop Fabrication. (Orig. €67122143)
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2. Alkali Metal Purification

Twelve pounds of hot trapped lithium were distilled at 1235°F,
thereby making a total of 15 pounds of distilled lithium available for
filling the T-111 Corrosion Test Loop. Analysis for nitrogen indicated
a concentration of less than 5 ppm. Analysis for oxygen, by fast neutron
activation at Gulf General Atomic, indicated a concentration of 273 ts56
ppm. Oxygen analysis using the vacuum distillation method will be
performed by R. Gahn at NASA-Lewis Research Center at a later date,

The anomalously high values for oxygen which have been obtained by
neutron activation are believed in error., This conclusion is based on
similarly high neutron activation oxygen results obtained for potassium

of known low oxygen concentration,

Five pounds of hot trapped potassium were distilled at 550°F,
making 18 pounds of potassium available for the T-111 Corrosion Test
Loop. Analysis of the distillate indicated an oxygen concentration of
5 ppm. A sample of the distilled potassium will also be analyzed for
oxygen by fast neutron activation at Gulf General Atomic as an addi-

tional check on the techniques and procedures employed.

The dual transfer system for filling the T-11l1l Corrosion Test
Loop System was prepared for installation and will be attached to the
loop and purification systems when the loop has been installed in the

vacuum chamber,

3. Installation and Instrumentation of the T-111 Corrosion Test

Loop

Following the completion of loop fabrication and mounting of
the loop on the test chamber spool pieée, the loop was transferred from
the fabrication area to the test operation area by pneumatic-wheeled
truck traveling at a maximum speed of 5 miles'per hour, During the
transfer, the entire loop was covered with a polyethylene bag and all
gas pressurization and liquid metal fill lines were sealed with gas-—

%
tight OD compression fittings

Imperial Brass Mfg, Co. Model No. 240-F

=13-



The test loop was positioned near the vacuum system, and an
air shelter was assembled over the loop. The air shelter, which was
previously used for instrumentation of the Ch~1Zr Rankine System
Corrosion Test Loop(z), is a reinforced polyethylene hemisphere approxi-
mately 15 feet in diameter by 15 feet high and is supported by 0.2 psig
air pressure supplied by a centrifugal blower. The loop is at ground
level and is readily accessible for instrumentation. All personnel are

required to wear clean, white dacron gloves, shoe covers and coveralls

while working in the air shelter,

The temporary support brackets used in the fabrication and
transfer of the loop were removed and permanent support brackets and
instrumentation channels for routing thermocouple and pressure sensor
lead wires were installed. The copper bus bars for both the potassium
preheater and lithium heater were also installed at this time, since
they also serve as structural support members to maintain the helical

heater coils in position.

Thermal insulation consisting of multiple layers of Cb-1Zr
foil is simultaneously being applied to the loop as the thermocouples
are being installed. The procedure 'used is similar to that developed
in instrumenting the Cb-1Zr Rankine System Corrosion Test Loop(s). All
thermocouples are made from single lots of the 0.005-inch W-3Re/W-25Re
wire which was also used in the Cb-1Zr Corrosion Test Loop. Beryllium
oxide (99.5%) insulators are used at the hot junction of the thermo-
couple where contact with the T-111 surface is in excess of 1800°F.
Aluminum oxide (99.5%) insulators are used where the temperature is less
than 1800°F and for all thermocouple lead wires inside the vacuum chamber,

All insulators were baked out at a pressure of 1 x 10_5 torr for 1 hour

at 2000°F before installation.

(2) Potassium Corrosion Test Loop Development, Quarterly Progress Report
No. 8 for Period Ending July 15, 1965, NASA Contract NAS 3-2547,
NASA-CR-54843, p. 10,

(3)

ibid., p. 17.

=14~



4, Calibration of the Partial Pressure Gas Analyzer

The partial pressure gas analyzer for the Corrosion Test Loop
vacuum chamber has been calibrated for hydrogen, helium, nitrogen, and
argon, The analyzer tube (GE Model 22PT 120) has recently been received
from the manufacturer where it was cleaned and adjuétments made to the
ion source. The tube was mounted on the chamber, and the empty chamber
was evacuated without the spool piece, After the chamber had been baked
out, and prior to calibration of the analyzer, a base pressure of 3.9 x

10_9 torr was obtained.

The calibration of the partial pressure gas analyzer was made
by admitting a pure gas to the chamber through a variable leak valve
(Granville~Phillips Series 203). When the pressure had stabilized, a
reading of the system ion gauge was made, and a mass spectrum was obtained,
This process was repeated at various pressures for each of the four
calibrating gases, From these data, calibration factors for each of the
gases were calculated. The calibration factor (torr per amp) is here
defined as the ion gauge reading per unit ion current from the analyzer
for a particular pure gas. Appropriate corrections were applied when
appreciable partial pressures of gases other than the calibrating gas

were present,

The calibration factors thus obtained are shown in Table I,
Calibration factors for gases other than those for which a direct cali-
bration was made were obtained by interpolation or extrapolation., Also
vgiven in Table I are ionization gauge sensitivities relative to nitrogen

for each of the gases tabulated.

Quantitative data may thus be obtained from the mass spectra
as follows: to obtain indicated ionization gauge partial pressure, the
ion current at a particular mass number is multiplied by the appropriate
calibration factor; to obtain true partial pressure, the indicated
jonization gauge partial pressure is divided by the relative ionization

gauge sensitivity.

-15=-



TABLE I. PARTIAL PRESSURE GAS ANALYZER CALIBRATION FACTORS

Parent Calibration Factor Relative Ionization
Specie Eﬁi (torr/amp) Gauge Sensitivity
H2 2 1.02 0.42
He 4 5.9 0.19
CH4 16 (2.5) 1.07
H,0 18 (2.7) | 0.89
Ne 20 (2.9) 0.33
CO or Nz 28 3.9 1.00
O2 32 (4.6) 0.85
Ar 40 6.3 | 1.56
CO2 44 (7.2) 1.37

NOTE: Values in parentheses obtained by interpolation or extrapolation.



5. Test Plan for the T-111 Rankine System Corrosion Test Loop

The Test Plan for the T-111] Rankine System Corrosion Test
Loop was completed and submitted to the NASA Program Manager for review
and approval, The Test Plan was approved on January 12, 1968 and will

be issued during the next reporting period,

B. ADVANCED TANTALUM ALLOY CAPSULE TESTS

The advanced tantalum alloy capsules are shown, prior to final
assembly, in Figures 7-9. The two ASTAR 811C potassium reflux capsules
contain oxygen contaminated specimens of ASTAR 811C and T-111 in the
as-welded and welded and annealed conditions as shown in Figure 7, The
" two ASTAR 811C lithium thermal convection capsules contain similar
specimens to the potassium reflux capsules, Specimens of ASTAR 811C
in the as-received, welded, and annealed conditions are also included
in these capsules, as shown in Figure 8, The ASTAR 811CN lithium
thermal convection capsule shown in Figure 9, contains six (6) ASTAR

811CN stress rupture specimens,

After assembly of the specimens into the capsules, the larger top
cap was welded to the capsule body. The smaller cap with the thermo-
couple well was welded in place after the capsules were filled with
alkali metal, The assembled capsules were placed in the 30 KV electron
beam welding chamber, shown in Figure 10, for filling with alkali metal,
The potassium reflux capsules were filled with potassium procured from
Mine Safety Appliances Research Corporation., This high purity grade
potassium wés hot trapped and distilled before shipment to General
Electric., The potassium was further purified at General Electric by
vacuum distillation at approximately 600°F at a pressure in the 10-5
torr range into a titanium lined hot trap. The purification apparatus
is shown in Figure 11, The hot trap was used in this case as a clean
storage and transfer container, In the filling operation potassium
was transfered under argon pressure from the hot trap into the annular
dispensing reservoir, shown in Figure 12, to a precalculated height

corresponding to the volume required to fill each capsule. The liquid

~y7=



Thermocouple Vell

T-111 Wire

SPECIMENS
Oxygen Contaminated ASTAR 811C Welded
Oxygen Contaminated ASTAR 811C Welded
and Postweld Annealed
Oxygen Contaminated T-111 Welded
Oxygen Contaminated T-111 Welded

and Postweld Annealed

Speciiﬁehs ' e e mc1321—

Figure 7. Advanced Tantalum Alloy ASTAR 811C - Potassium Reflux Capsule.
(Orig. C67111011)
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Figure 8.

C.
D.
E.
F.
G.

@4111 Dcwncomer Tube

SPECIMENS
Oxygen Contaminadted ASTAR 811C Welded
Oxygen Contaminated ASTAR 811C Welded
and Postweld Annealed
ASTAR 811C Welded
ASTAR 811C Welded and Postweld Annealed
ASTAR 811C Stress Rupture Specimens
Oxygeﬁ_Contaminated T-111 Welded
Oxygen Contaminated T-111 Welded
and Postweld Annealed

Advanced Tantalum Alloy ASTAR 811C - Lithium Thermal Convection

Capsule.
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External Apparatus for Filling Capsules with Potassium in the

Figure 12,

(Orig. €66051941)

EB Welding Chamber.



metal level was determined by means of a MSA Research Corporation Level
Probe, The measured volume was then transfered under argon pressure
through the bellows-sealed filling line, shown in Figure 13, into the
capsule. Each capsule was positioned under the fill line by means of

a manipulator and a flexible cable which was attached on one end to a
gear train on the turntable and on the other end to a crank outside

the chamber, Figures 10 and 13. A waste container was placed on the
rotating table to provide a means of initial flushing out the fill line
with potassium. When filled, each capsule was rotated from under the
fill line and capsule lids were put in place with the manipulator. The
manipulator is sealed to the chamber door by means of sliding O-ring
seals, The capsule was positioned under the EB weldiﬁg gun by moving
the table holding the capsule utilizing the flexible céble drive. The
gear on each capsule was adjusted to mesh with the welding drive gear
such that the capsules rotated around their axes during welding. This
gear was controlled by a variable speed motor to rotate at the optimum
welding speed, Copper chill blocks were fitted on each capsule to
reduce the heat conduction along the capsule during welding thereby
minimizing the possible vaporization of the pbtassium which might cause

unsound welds,

Analytical samples of the potaséium were obtained by filling a
stainless steel tube in the same manner as the capsules were filled.
The resulting oxygen analyses by the mercury amalgamation method indi-
cated the oxygen concentration to be 9 ppm., Metallic impurities were

determined by spectrographic analysis and are presented in Table II.

The thermal convection capsules were filled with distilled lithium
obtained from the transfer container shown in Figure 14. The lithium
was procured from Lithium Corporation of America, Bessemer City, North
Carolina, and further purified at General Electric by filtering through
a 5 micron filtér, hot trapping 126 hours at 1500°F in a titanium lined,

zirconium getter hot trap, and distilling at 1235°F. The distillation

C=~24~-



(6T1£S0990 °STI0) *xoquey) SUIPION 9F

8y3 Ul unisselog yYaTa seornsde) SUITITA X0F snjexeddy Teureojug

*€1 °an3ig

—25~



TABLE 11. SPECTROGRAPHIC ANALYSIS OF ALKALI METALS USED IN ADVANCED
TANTALUM ALLOY CAPSULE TESTS

Concentration, ppm

Element ‘ Potassium © Lithium
Ag <2 _ <5
Al ’ <2 <5
B ' <10 <50
Ba <10 <50
Be <10 ' <5
Ca <2 <5
Cb ' <10 <25
Co <2 ' <5
Cr <2 <D
Cu <2 ' <5
kFe <2 <5
Mg <2 <5
Mn <2 <5
Mo <2 <5
Na <2 < 25
Ni <2 <5
Pb <2 <25
Si <2 5
Sn ) <2 ' <25
Sr <2 <5
Ti <2 <25
' <10 <25
Zr <2 <25

.. —26.—
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4)

procedure was described in an earlier report( . The chemical analysis
of the distilled lithium is presehted in Table 1II. The lithium filling
operation was performed similarly to that previously described for
filling capsﬁles with potassium with two differences in the procedure,
First, the thermal convection cépsules were preheated to 400°F by means
of tubular heating elements coiled around each capsule. Preheating was
employed to keep the lithium molten in the capsule during filling thus
limiting the possibility of freezing causing a bridge in the small
annular space between the capsule wall and the specimens contained
therein, Second, the thermal convection capsules were sealed by TIG
welding in helium to obtain a room temperature helium pressure of 1
atmosphere inside each capsule. At the capsule temperatures of 2300°F
the helium pressure above the lithium will be approximately 195 psi.
This helium overpressure will reduce the possibility of lithium boiling
instabilities interferring with thermal convection flow. Analytical
analysis of the lithium sample taken during filling indicated a nitrogen
concentration of 5 ppm. The thermal convection capsules were helium
mass spectrometer leak checked after sealing to detect any outleakage

of helium,  Minor helium leakage was detected in the ASTAR 811C capsules.
The capsuies were subsequently re-evacuated and the lids resealed by

TIG welding under 1 atmosphere of helium, Mass spectrometric leak check-

ing indicated no leaks,

C. 2600°F LITHIUM LOOP FABRICATION

During this report period, orders were placed for machining of
loop test section components. Delivery is scheduled for the end of

January.

(4)

Advanced Refractory Alloy Corrosion loop Program, Quarterly Progress
Report No. 9 for Period Ending July 15, 1967, NASA Contract NAS 3-6474,
NASA-CR-72336, p. 15,
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The fabrication of the loop EM pump duct proceeded with the receipt
of all machined components as shown‘in Figure 15, The weld between the
helical duct and the pump exit line, 3/8-inch OD x 0.065-inch wall, was
then made. The interference fit between the helical duct and wrépper
was performed without incident. The helical duct was immersed in liquid
nitrogen to provide a diametral clearance between it and the outer
wrapper which remained at room temperature. The closure welds on the_
end cap and connector were then made. Final machining of the outside
diameter, compieted the EM pump duct as shown in Figure 15. The
torsion tube (not shown) which prevents pump duct rotation will be

welded in place prior to postweld annealing of this component. .

The Cb-1Zr surge tank for this loop is also nearly completed. The
gas pressurization, drain, and f£ill tubes have been welded in place.

Welding of the end caps to the tank body will complete this component, .

-29~
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IV, - FUTURE PLANS

Instrumentation of the T-111 Corrosion Test Loop will be completed.

Lithium and potassium will be transferred from the purification

systems to the two circuits of the T-111l Corrosion Test Loop.

Pre-test calibration of the T-111 Corrosion Test Loop instrumenta-

tion will be performed.

Fabrication of the 2600°F Lithium Loop will be completed.

,._31._






pRECED

e P

PUBLISHED REPORTS

Quarterly Progress

Report
Report
Report
Report
Report
Report
Report
Report
Report
Report

No.
No.
No.
No.
No.
No.
No.
No.
No.
No.

1
2
3

(oI« IS O~ T % L Y

10 (NASA-CR-72352)

(NASA-CR~-54477)
(NASA-CR~-54845)
(NASA~CR~54911)
(NASA-CR-72029)
(NASA-CR~72057)
(NASA~-CR-72177)
(NASA-CR~72230)
(NASA-CR~-72335)
(NASA-CR-72336)

For Quarter
Ending

July 15, 1965
October 15, 1965
January 15, 1966
April 15, 1966
July 15, 1966
October 15, 1966
January 15, 1967
April 15, 1967
July 15, 1967
October 15, 1967






DISTRIBUTION LIST )
QUARTERLY AND FINAL PROGRESS REPORTS
CONTRACT NAS3-64Tk

National Aeronsutics & Space Administration
washington, D. C. 20546
Attn: Arvin Smith (RNW)

National Aeronautics & Space Administration
Wwashington, D. C. 20546
Attn: Simon V. Manson (RNP)

' National Aeronasutics & Space Administration
Washington, D. C. 20546
Attn:; George C. Deutsch (RR)

National Aeronautics & Space Administration
Washington, D. C. 20546
Attn: Dr. Fred Schulmen (RNP)

National Aeronautics & Space Administration
Scientific & Technical Information Facility
P.0. Box 33
College Park, Maryland 20740
Attn: Acquisitions Branch (SQT-3405k4)

(2 + Repro)

National Aeronautics & Space Administration
Goddard Space Flight Center

Greenbelt, Maryland 20771

Attn: Iibrarian

National Aeronautics & Space Administration
Langley Research Center

Hampton, Virginia 23365

Attn: Librarian

National Aeronautics & Space Administration
Iewis Research Center

21000 Brookpark Road

Cleveland, Ohio 4u4135

Attn: Iibrarian, MS 60-3

National Aeronautics & Space Administration
Iewis Research Center
21000 Brookpark Road
Cleveland, Chio 44135
Attn: Dr. Bernard Iubarsky (SPSD),
M.S8. 500-201

-35-

Nati onal Aeronautics & Space
Administration

Iewis Research Center

21000 Brookpark Road

Cleveland, Ohio Bh135

Attn: G. M. Ault, MS 105-1

National Aeronsutics & Space
Administration
lewis Research Center

- 21000 Brookpark Road

Cleveland, Ohio 44135
Attn: R. L. Davies (NPTB) MS(5?0-201
2 A

National Aeronasutics & Space
Administration

Iewis Research Center

21000 Brookpark Road

Cleveland, Chio 44135

Attn:

National Aeronautics & Space
Administration

Iewis Research Center

21000 Brookpark Road

Cleveland, Ohio 44135

Attn: Maxine Babals, MS 3-19

National Aeronautics & Space
Administration

Lewis Research Center

21000 Brookpark Road

Cleveland, Ohio 44135

Attn; T. A. Moss, MS 500-201

National Aeronautics & Space
Administration

Lewis Research Center

21000 Brookpark Road

Cleveland, Chio 44135

Attn: Coulson Scheuerman, MS 106-1

John E. Dilley (SPSPS) MS 500-309



Report Distribution List - NAS3-64T4 - Quarterly and Final (Continued)

National Aeronautics & Space Administration

Menned Spacecraft Center
Houston, Texas 77001
Attn: Librarian

National Aeronautics & Space Administration

George C. Marshall Space Flight Center
Huntsville, Alabama 38512
Attn:; Iibrarian

Jet Propulsion laboratory
California Institute of Technology
4800 0ek Grove Drive

Pasadena, California 91103

Attn: ILibrarian

National Bureau of Standards
Washington, D. C. 20225
Attn: ILibrarian

Flight Vehicle Power Branch

Air Force Aero Propulsion Iab.
Wright Patterson AFB, Chio 45433
Attn: Charles Armbruster, ASRPP-10

Flight Vehicle Power Branch

Alr Force Aero Propulsion Lab.
Wright Patterson AFB, Ohio 45433
Attn: AFAPL (APIP)

Flight Vehicle Power Branch

Air Force Aero Propulsion Lab.
Wright Patterson AFB, Ohio 45433
Attn: George E. Thompson, APIP-1

Flight Vehicle Power Branch

Air Force Aero Propulsion lab.
Wright Patterson AFB, Chio 45433
ATTN: George Glenn

Army Ordnance Frankford Arsenal

Bridesburg Station
Philadelphia, Pennsylvania 19137

~86~

Bureau of Mines
Albany, Oregon
Attn: Iibrarian

Bureau of Ships
Department of the Navy
Washington, D. C. 20225
Attn: Iibrarian

Bureau of Weapons
Research & Engineering
Materials Division
Washington, D. C. 20225
Attn: ILibrarian

U. 8. Atomic Energy Commission
Technical Reports Iibrary

- Washington, D. C. 20545

Attn: J. M. O'leary (2)

National Aeronautics & Space
Administration

Washington, D. C. 20546

Attn: H. Rochen, Code RNP

U. S. Atomic Energy Commission

Germantown, Maryland 20767

Attn: Col. Gordon Dicker,
SNAP/50/SPUR Project Office

U. 8. Atomic Energy Commission

Technical Information Service
Extension

P.0. Box 62

Oak Ridge, Tennessee 37831 (3)

U. S. Atomic Energy Commission
Germantown, Maryland 20767
Attn: K. E. Horton

U. S. Atomic Energy Commission
Washington, D. C. 20545
Attn: M. J. Whitman



Report Distribution List - NAS3-64Th - Quarterly and Final (Continued)

Office of Naval Research
Power Divieion
wWashington, D. C. 20225
Attn: ILibrarian

U. 8. Naval Research Iaboratory
Washington, D. C. 20225
Attn: Iibrarian

American Machine and Foundry Company
Alexandris Division

1025 North Royal Street

Alexandrie, Virginia

Attn: ILibrarian

Aerojet~General Corporation
P.0. Box 209

Azusa, Californis 91702
Attn: Iibrarian

AiResearch Manufacturing Company
Sky Harbor Airport

402 South 36th Street

Phoenix, Arizona 8503k

Attn: ILibrarian

AlResearch Manufacturing Company
9851-9951 Sepulveda Boulevard
Ios Angeles, California 90045
Attn: ILibrarian

Argonne National Iaboratory
ILibrary Services -~ Dept. 203CE-125
9700 South Cass Avenue

Argonne, Illinois 60439

Attn: Report Section

Atomics International

8900 DeSoto Avenue

Canoga Park, California 91303
Attn: Harry Pearlman

Avco :

Research & Advanced Development Dept.
201 Iowell Street

Wilmington, Massachusetts 01800
Attn: ILibrarian

3T~

Battelle Memorial Institute
505 King Avenue

Columbus, Ohio 43201

Attn: ILibrarian

Battelle Memorial Institute
505 King Avenue

Columbus, Ohio 43201

Attn: D. E. M. Simmons

Battelle-Northwest Iabs.
P.0. Box 999
Richland, Washington 99352

The Bendix Corporation
Research Ilaboratories Division
Southfield, Michigan

Attn: Iibrarian

The Boeing Company
Seattle, Washington 98100
Attn: Iibrarian

Brookhaven National ILaboratory
Upton, Long Island, New York 11973
Attn: Iibrarian

Chance Vought Aircraft, Inec.
P.0. Box 5907

Dallas, Texas 75222

Attn: Iibrarian

Clevite Corporation
Mechanical Research Division
540 Bast 105th Street
Cleveland, Chio 44108
Attn: N. C. Beerli

Project Administrator

Convair Astronautics

5001 Kerrny Villa Road

San Diego, California 92111
Attn: ILibrarian

Curtiss-Wright Corporation
Wright-Aeronautical Division
Woodridge, New Jersey 07075
Attn: 8. Lombardo

«\\\\



Report Distribution List - NAS3-64Th - Quarterly and Final (Continued)

Ford Motor Company
Aeronutronics

Newport Beach, Californis 92660
Attn: ILibrarian

General Atomic

John Jay Hopkins laboratory
P.0. Box 608

San Diego, California 92112
Attn: Dr. ILing Yang

General Electric Company

Atomic Power Equipment Division
P.0. Box 1131

San Jose, California

General Electric Company
Missile & Space Division

P.0. Box 8555

Philadelphia, Pennsylvania 1911k
Attn: ILibrarian

General Electric Company
Vallecitos Atomic Iab.
Pleasanton, California 94566
Attn: Librarian

General Atomic

John Jay Hopkins Iaboratory
P.0. Box 608

San Diego, California 92112
Attn; Iibrarian

General Dynamics/Fort Worth
P.0. Box TW8

Fort Worth, Texas 76100
Attn: Iibrarian

General Motors Corporation
Allison Division
Indianapolis, Indiana 46206
Attn: Iibrarian

Hamilton Standard

Division of United Aircraft Corporation

Windsor Locks, Connecticut
Attn: Iibrarian

+38-

Hughes Aircraft Company
Engineering Division

Culver City, California 90230-2
Attn: Iibrarian

IIT Research Institute
10 West 35th Street
Chicago, Illinois 60616
Attn: ILibrarian

Lockheed Missiles and Space Division
Lockheed Aircraft Corporation
Sunnyvale, California

Attn: Iibrarian

Marquardt Aircraft Company
P.0O, Box 2013

Van Nuys, California

Attn: Iibrarian

The Martin Company
Baltimore, Maryland 21203
Attn: ILibrarian

The Martin Company
Nuclear Division

P.0. Box 5042

Baltimore, Maryland 21220
Attn: Iibrarian

Martin Marietta Corporation
Metals Technology Laboratory
Wheeling, Illinois

Attn: Librarisn

Materials Research & Development
Manlabs, Incorporated

21 Erie Street

Cambridge, Massachusetts 02139

Materials Research Corporation
Orangeburg, New York
Attn: Iibrarian

McDonnel Aircraft
St. Louis, Missouri 63100
Attn: Iibrarian



Report Distribution List - NAS3-64Th - Quarterly and Final (Continued)

Union Carbide Metals
Niagars Falls, New York 14300
Attn: Iibrarian

Mr. W. H. Podolny

United Aircraft Corporation
Pratt & Whitney Division
40O West Main Street
Hartford, Connecticut 06108

United Nuclear Corporation
Research and Engineering Center
Grassland Road

Elmsford, New York 10523

Attn: Librarian

Union Carbide Corporation

Parmae Research Center

P.0. Box 6115

Cleveland, Chio 44101

Attn: Technical Information Services

Wah Chang Corporatioh
Albany, Oregon
Attn: ILibrarian

Westinghouse Electric Corporation
Astronuclear Iaboratory

P.0. Box 10864

Pittsburgh, Pennsylvania 15236
Attn: ILibrarian

Westinghouse Electric Corporation
Astronuclear Iaboratory

P.0. Box 1086k

Pittsburgh, Pennsylvania 15236
Attn: R. T. Begley

Westinghouse FElectric Corporation
Materials Manufacturing Division
RD #2, Box 25

Blairsville, Pennsylvania

Attn: Iibrarian v

Westinghouse FElectric Corporation
Aerospace Electrical Division
Iima, OChio

Attn: P. E. Kueser

a9-

Westinghouse Electric Corporation
Research & Development Center
Pittsburgh, Pennsylvanise 15235
Attn: Librarian

Wyman-Gordon Company -
North Grafton, Massachusetts
Attn: Iibrarian

Grumman Aircraft
Bethpage, New York
Attn: ILibrarian

ILawrence Radiation Ilaboratory
Livermore, California
Attn:; Librarian (2)

Allison-General Motors
Energy Conversion Division
Indianapolis, Indiana
Attn: Iibrarian

North American Aviation, Inc.

Atomics International Division

P.0. Box 309

Canoga Park, California 91304

Attn: Director, Iiquid Metals
Information Center

Douglas Aircraft Company, Inc.
Missile and Space Systems Division
3000 Ocean Park Boulevard

Santa Monica, California

Attn: Iibrarian

Climax Molybdenum Company of Michigan
1600 Huron Parkway '

Ann Arbor, Michigan 48105

Attn: ILibrarian

Climax Molybdenum Company of Michigan
1600 Huron Parkway

Ann Arbor, Michigan 48105

Attn: Dr. M. Semchyshen

Lawrence Radiation Iaboratory
ILivermore, California
Attn: Dr. James Hadley



Report Distribution List - NAS3-6474 - Quarterly and Final (Continued)

MSA Research Corporation
Callery, Pennsylvania 16024
Attn: ILibrarian

North American Aviation

Ios Angeles Division

Ios Angeles, California 90009
Attns Iibrarian

Oak Ridge National Isboratory
Oak Ridge, Tennessee 37831
Attn: W. H. Cook

Oak Ridge National Laboratory
0sk Ridge, Tennessee 37831
Attn: W. 0. Harms

Oak Ridge National Iaboratory
Oak Ridge, Tennessee 37831
Attn: Librarian

Oak Ridge National Iaboratory
Oak Ridge, Tennessee 37831
Attn: J. H. DeVan

Oak Ridge National Iaborsatory
Oak Ridge, Tennessee 37831
Attn:: A. Litman

Pratt & Whitney Aircraft

40O Main Street

East Hartford, Connecticut 16108
Attn: TLibrsrian

Engineering Iibrary

Fairchild Hiller

Republic Aviation Corporation
Farmingdale, Long Island, New York
Attn: ILibrarisn

Rocketdyne
Canoga Park, California 91303
Attn: Librarian

Solar

2200 Pacific Highway

San Diego, California 92112
Attn: ILibrarian

—40-

Southwest Research Institute
8500 Culebra Road
San Antonio, Texas 78206

Superior Tube Company
Norristown, Pennsylvania
Attn: A. Bound

Sylvania Electrics Products, Inc.
Chemical & Metallurgicsl

Towanda, Pennsylvania

Attn: ILibrarian

TRW, Inc.

Caldwell Res Center
23555 Euclid Avenue
Cleveland, Ohio 44117
Attn: Iibrarian

Union Carbide Corporation
Stellite Division

Kokomo, Indiansa

Attn: Iibrarian

Union Carbide Nuclear (Company

P.0. Box X

Oak Ridge, Tennessee 37831

Attn: X-10 Laboratory,
Records Department (2)

Fansteel Metallurgical Corporation

North Chicago, Illinois

Attn: ILibrarian

National Research Corporation
405 Industrisl Place

Newton, Massachusetts

Attn: Iibrarian

Varian Associates
Vacuum Products Division
611 Hansen Way

Palo Alto, California
Attn: Iibrarian



Report Distribution IList - NAS3-64Thk - Quarterly and Final (Continued)

Universal Cyclops Steel Corporation
Bridgeville, Pennsylvania
Attn: C. P. Mueller

Los Alamos Scientific Laboratory
University of Californis

Los Alamos, New Mexico

Attn: Iibrarian

Lockheed Georgia Company

Division, ILockheed Aircraft Company
Marietta, Georgia

Attn: Librarian

TRW, Inec.

TRW Systems Group

One Space Park

Redondo Beach, California 90278
Attn: Dr. H. P. Silverman

Sandia Corporation

Aerospace Nuclear Safety Division
Sandia Base

Albuquerque, New Mexico 87115
Attn: A. J. Clark (3)

Sandia Corporation

Aerospace Nuclear Safety Division
Sandia Base

Albuquerque, New Mexico 87115
Attn: ILibrarian

Sandia Corporation

Aerospace Nuclear Safety Division
Sandia Base

Albuguerque, New Mexico 87115
Attn: James Jacob

National Aeronautics & Space Administration

Iewis Research Center
21000 Brookpark Road
Cleveland, Ohio 44135
Attn: Report Control Office, MS 5-5

41~

National Aeronautics & Space
Administration
Iewis Research Center
21000 Brookpark Road
Cleveland, Chio 44135
Attn: V. Hlavin, MS 3-1k
(Final Only)



